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Glasses with the compositions Bi 4 (Si T Ge 1 _ T ) 3 0 12 (x = 0.33, 0.5, 0.66 and 1.00) and glass ceramic materials 
based on them were obtained. The effect of the batch composition and heat-treatment regimes on the spectral 
characteristics of these materials was determined. 
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One of the main requirements for scintillation materials 
is no light absorption at the wavelength of the emitted light. 
On excitation by high-energy UV and y radiation colorless 
single crystals of silicon- and germanium eulytites 
(Bi 4 X 3 0 12 , X = Ge, Si), which are needed in high-energy 
physics for the active elements of scintillation detectors, 
manifest luminescence peaking at wavelength 480 nm. 
Glasses and especially transparent glass ceramic materials 
with the same compositions with a high volume fraction of 
eulytite nanocrystals will be able to compete successfully 
with single crystals provided that their luminescence charac¬ 
teristics are comparable. However, the presence of a wide ab¬ 
sorption band in the range 450-500 nm in the absorption 
spectra of the materials indicated, which results in the ap¬ 
pearance of intense red-brown color, decreases their scintilla¬ 
tion characteristics many-fold. 

This is why the problem of decreasing the absorption co¬ 
efficient of the materials in the wavelength range indicated to 
zero remains just as important even though the problem of 
obtaining high-quality initial glasses and a transparent 
nano-glass ceramic based on them with the required content 
of the crystalline phase of eulytite has been solved. 

All authors explain the absorption peak in the region 
450 - 500 nm by the presence of bismuth centers but there is 
disagreement concerning their nature (the ions Bi + , Bi 2+ and 
Bi 5+ and dimers Bi 2 , Bi 2 and Bi 2 “ ) [1,2]. According to the 

data in [2], the authors believe that the absorption peak of 
these materials in the region 450-500 nm is due to a transi¬ 
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tion of the Bi 3+ ions to a higher degree of oxidation (4+, 5+) 
as a result of prolonged melting of the glasses at 1100°C in 
air. Since for bismuth the degree of oxidation 3+ is most sta¬ 
ble at temperatures below 820°C, prolonged heat-treatment 
(to 40 h) at 460 - 500°C makes it possible to eliminate the 
absorption band that prevents using the materials in scintilla¬ 
tion detectors. 

If the assertion made in [2] is correct, then to obtain di¬ 
rectly bismuth-containing glasses and glass ceramic materi¬ 
als (GCM) which do not absorb in the range 450 - 500 nm 
the process must be conducted in a reducing atmosphere. 

The aim of the present work was to study the reasons for 
the appearance of an absorption band in the range 450 - 
500 nm and the effect of certain process parameters for ob¬ 
taining spectral properties on them for glasses and GCM in 
the system Bi 2 0 3 -Si0 2 -Ge0 2 . 

These studies were directed toward the following: 

1) changing the oxygen environment of bismuth in 
glasses absorbing in the region 450 - 500 nm by passing an 
electric current; 

2) changing the degree of oxidation of bismuth during 
glass melting by adding a reducing component (oxygen con¬ 
tent 0 - 5% 3 ) to the initial batch. 

Glasses with the composition Bi^Si^Gej _ r ) 3 0 12 (x = 
0.33, 0.5, 0.66 and 1.00) were obtained by melting batch in 
platinum crucibles at 1100°C in a resistance furnace without 
forced mixing of the melt. Glass was poured onto a steel sub¬ 
strate pre-cooled to 18°C. To optimize the glass melting re¬ 
gime the experiments were performed with different melting 
times of the initial batch (30 min, 2 h). 

a 

Here and below the content by weight, %. 
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Fig. 1. Samples of Bi 4 (Si x Gej _ Y ) 3 0 12 (x = 0.33, 1 and 0.66) be¬ 
fore (right-hand side) and after (left-hand side) passage of dc current 
during heating. 



Fig. 2. Oriented distribution of the color in a sample of glass with 
the composition Bi 4 (Si 0 66 Ge 0 33 ) 3 0 12 . 


After passing 34.4 V dc current through the glass sam¬ 
ples an appreciable change in glass color is observed on heat¬ 
ing to 500°C and at the same time the sample is divided into 
two regions separated by a sharp boundary, the larger region 
being practically colorless and the smaller one dark-orange 
(Figs. 1 and 2). A so-called amorphous halo with no distinct 
peaks, which is characteristic for glass, is present in the x-ray 
diffraction patterns of the samples obtained. 

The process of making glass with the composition 
Bi 4 Si 3 0 12 and 0.5% carbon added to the initial batch yields 
glass which is transparent overall with a dark tint and visible 
inclusions of metallic bismuth. For lower carbon content 
0.05 and 0.1% the glass color becomes lighter compared 
with a sample with the composition Bi 4 Si 3 0 12 and no reduc¬ 
ing component. The intensity of the glass color decreases 
with increasing carbon content, and for 0.5% carbon the 
color is distributed nonuniformly. 

To obtain GCM samples of glass with the composition 
Bi 4 Si 3 0 12 , obtained by adding a reducing component in dif¬ 
ferent amounts, were heat-treated for 12 and 24 h in a muffle 
furnace at 420, 460 and 500°C. Glass ceramic samples heat- 
treated at 460°C for 25 h show different absorption intensity 
in the entire visible wavelength range. The transparent and 
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Fig. 3. Heat-treated samples with the composition Bi 4 Si 3 0 12 . 


practically colorless sample with 0.05% carbon shows the 
lowest absorption (Fig. 3). 

The highest absorption is observed in the glass ceramic 
sample obtained from batch with 0.5% carbon. As noted pre¬ 
viously, an increase in the concentration of carbon additives 
results in the formation of numerous inclusions of a phase of 
different nature, which is clearly seen under a microscope. 
This is why the absorption increases in the entire range of 
wavelengths. 

The highest degree of crystallization with loss of trans¬ 
parency is observed in all samples heat-treated at 500°C for 
12 h. It is evident visually that the addition of a reducing 
component conduced to a color change in the glass ceramic 
samples. After heat treatment for 25 h at 460°C the samples 
of GCM based on batch containing 0.05 and 0.1% of such an 
additive were practically colorless with no loss of transpa¬ 
rency. This also agrees with the absorption spectra of the 
samples. 

The absorption spectra were obtained with a UNICO 
2800 (UV/VIS) spectrophotometer with zone of variation 
190 - 1100 nm for the following samples: 

- glass with the composition Bi^Si^Gei _ Y ) 3 0 12 with 
v = 0.33, 0.5 and 0.66 after the passage of dc current through 
them during heating to 500°C; 

- glass with the composition Bi^Si^Gei _ v ) 3 0 12 with 
x = 1, based on batches containing different amounts of car¬ 
bon, and glass ceramic materials obtained by heat-treating 
glass at 460°C for 25 h. 

The absorption spectra of glass with the composition 
Bi^Si^Ge! _ x ) 3 0 12 with x = 0.33, 0.5 and 0.66 before and af¬ 
ter passage of current are presented in Figs. 4 and 5. 
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Fig. 4. Absorption spectra of samples of glass with the composition 
Bi^Si^Ge! _ x ) 3 0 12 : l)x = 0.33, 2)x = 0.5, and 3)x = 0.66. 



Fig. 5. Absorption spectra of samples of glass with the composition 
Bi^Si^Gej _ x ) 3 0 12 : l)x = 0.33, 2)x = 0.5, and 3)x = 0.66. 

When dc electric current is passed through the samples 
the indicated absorption peak in the region 450-500 nm 
vanishes. 

Probably, in an electric field the oxygen ions, which are 
the charge carriers in the experimental materials, migrate to¬ 
ward the cathode, which leads to a quantitative increase of 
the oxygen environment of bismuth, and as a result point de¬ 
fects due to oxygen migration accumulate near the cathode 
(Fig. 6). 

The dark-red layer at the cathode is probably so thin that 
its presence does not lead to the appearance of appreciable 
absorption at the wavelength 500 nm. 

The absorption spectra obtained for different melting and 
heat-treatment conditions were compared for a sample with 
ratio Ge0 2 : Si0 2 =1:2. The absorption spectra of glasses 
with the composition Bi 4 (Sio 33 Ge 066 ) 3 0 12 are displayed in 
Fig. 7. 

1. The absorption spectrum of a sample of the initial 
glass with the composition Bi 4 (Si 0 33 Ge 0 66 ) 3 O 12 . An intense 
peak is present at 450 - 500 nm. This peak is due to the pre¬ 
sence of bismuth ions with oxidation greater than 3+. 



Fig. 6. Diagram illustrating the mechanism of the migration of oxy¬ 
gen ions. 



Fig. 7. Absorption spectra of samples of glass with the composition 
Bi 4 (Si 0 33 Ge 066 ) 3 O 12 : 1 ) initial glass, 2) 500°C, 3) 500°C + dc 
current, and 4) no layer at the cathode. 

2. Heating to 500°C during passage of dc current - sharp 
drop of the peak intensity due to a decrease of the coordina¬ 
tion number and valence of bismuth as a result of charge car¬ 
rier transport. 

3. To prove the assertion that the color change is due to 
the electric current a sample was heated to 500°C with no 
current. The spectral characteristics remain practically un¬ 
changed compared with the initial sample (Fig. 7). 

4. The thin dark-red layer containing high-valence bis¬ 
muth ions was removed mechanically. The peak at 500 nm 
vanished completely. 

The results of the experiment described above suggest 
that the absorption at the indicated wavelength occurs on bis¬ 
muth ions with high oxidation (4+, 5+). 

The form of the absorption spectrum of Bi 4 Si 3 0 12 com¬ 
position depends on the amount of carbon in the initial batch 
(Fig. 8). 

An absorption band in the region 450-500 nm is pre¬ 
sent in the spectra of all samples. 

However, the peak intensity is lowest for the maximum 
content of carbon in the batch (0.5%). It is logical to attribute 
this to oxidation-reduction processes occurring in glass in the 
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Fig. 8. Absorption spectra of glass with the composition Bi 4 Si 3 0 12 
with different carbon fraction, %: 1)0,2) 0.05, 3 ) 0.1, and 4 ) 0.5. 

presence of a reducing component (carbon), if the absorption 
at the indicated wavelength is due to the presence of bismuth 
ions with a high degree of oxidation (5+, 4+) while the de¬ 
crease of absorption is associated with the reduction of bis¬ 
muth from 5+ to 3+. 

The absorption spectra of GCM based on Bi 4 Si 3 0 12 glass 
obtained from batch with different carbon content are dis¬ 
played in Fig. 9. 

As one can see from the plots, the absorption peak at 
450 - 500 nm is absent in the absorption spectra of all sam¬ 
ples heat-treated at 460°C for 25 h. The intensity of the ab¬ 
sorption is different. The transparent and brightest sample 
with 0.05% carbon possesses the weakest absorption. The 
sample with 0.5% carbon exhibits the strongest absorption, 
since an increase of the added carbon concentration results in 
the formation of inclusions of a phase of different nature 
which are clearly visible under a microscope. This phase im¬ 
pedes uniform crystallization and leads to nonuniform colo¬ 
ration. This is probably responsible for the increase in the ab¬ 
sorption in the entire wavelength range in samples with car¬ 
bon content above 0.05%. 

The following conclusions can be drawn from the results 
of this work: 

- the passage of dc current through the samples of bis¬ 
muth-containing glasses results in the appearance of narrow 
dark (near the cathode) and practically colorless regions 
which are separated by a sharp boundary; this is due to the 
fact that in an electric field the oxygen ions, which are the 
charge carriers, migrate toward the cathode, enlarging the 
oxygen environment of bismuth; 



Fig. 9. Absorption spectra of glass ceramic materials (heat-treat¬ 
ment at 460°C for 25 h) with different carbon fraction, %: 1 ) 0, 
2)0.05, 3) 0.1, and 4) 0.5. 


- the glasses obtained from the initial batch with added 
carbon by melting in air are on the whole transparent; for the 
lowest carbon contents 0.05 and 0.1% the color of the glasses 
becomes brighter, since the presence of a reducing compo¬ 
nent (carbon) in the batch impedes the transition of the initial 
Bi 3+ to a higher degree of oxidation 4+, 5+; heat-treatment of 
such glasses makes it possible to obtain absolutely colorless 
samples of glass ceramic with no absorption band in the 
range 450-500 nm. 

The results of these experiments make it possible to as¬ 
sert that the absorption in the range 450 - 500 nm, which is 
characteristic for bismuth-containing glasses, obtained by 
melting in air, as well as glass ceramic materials based on 
them, is due to the presence in them of bismuth ions with 
oxidation above 3+. 
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